Comamonas guangdongensis sp. nov., isolated from subterranean forest sediment, and emended description of the genus Comamonas A facultatively anaerobic bacterium, strain CY01 T , isolated from subterranean forest sediment collected from Guangdong Province, China, was investigated using a polyphasic taxonomic approach. The cells were short rods, Gram-negative, non-sporulating and motile. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain CY01 T showed highest sequence similarities to Comamonas thiooxydans S23 T (98.0 %), Comamonas testosteroni JCM 5832 T (97.9 %), Comamonas koreensis KCTC 12005 T (97.7 %) and Comamonas odontotermitis LMG 23579 T (97.0 %). The major respiratory quinone was ubiquinone-8. The major cellular fatty acids were summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), C 16 : 0 and summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c). Based on the phylogenetic analysis, DNA-DNA hybridization, whole-cell fatty acid composition as well as biochemical characteristics, strain CY01 T was clearly distinguishable from all recognized species of the genus Comamonas and should be classified as a representative of a novel species of the genus, for which the name Comamonas guangdongensis sp. nov. is proposed. The type strain is CY01 T (5CCTCC AB 2011133 T 5KACC 16241 T ).
The genus Comamonas was first described by De Vos et al. (1985) . Since then, a number of additions of novel species into this genus have been made. At the time of writing, numerous strains of species of the genus Comamonas have been isolated from various environments, such as termite gut, wetland, activated sludge, soil, hay-infusion filtrate, humans, fresh water and sulfur spring sediment (Chou et al. 2007; Narayan et al. 2010) .
During the characterization of Fe(III)-reducing microorganism from the subterranean forest sediment collected from Sihui City (Guangdong Province China) a facultatively anaerobic bacterium, designated 'Comamonas koreensis CY01', was isolated and maintained on TSA after incubation at 30 uC for 2 days (Wang et al., 2009; Wu et al., 2010) . In the further analysis of CY01 , we found that the strain showed different phenotypic characteristics from other species of the genus Comamonas, and these findings led us to re-examine the taxonomic characteristics of this strain. Comamonas thiooxydans S23 T , Comamonas testosteroni JCM 5832 T , Comamonas koreensis KCTC 12005 T and Comamonas odontotermitis LMG 23579 T , were employed as controls in the phenotypic tests. Unless indicated otherwise, the morphological, physiological, biochemical, molecular and chemotaxonomic experiments were performed with cells aerobically grown on TSA or in TSB at 30 u C for 2 days.
Cell morphology and dimensions were determined by transmission electron microscopy (H-7650; Hitachi). In preparation for electron microscopy, the bacterial cells were suspended in 0.85 % NaCl. Subsequently, the cells were dried on a nickel-coated mesh, negatively stained with phosphotungstic acid and examined. The motility of cells was tested by the hanging drop method (Suzuki et al., 2001) . The Gram reaction was determined by the KOH test (Buck, 1982) and further confirmed by the conventional Gram-staining method (Smibert & Krieg, 1994) . The pH range (pH 4.0-10.0 at intervals of 0.5 pH units) for growth was determined in TSB that was buffered with citrate/ phosphate buffer or Tris/hydrochloride buffer (Breznak & 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain CY01 T is EU515237. Costilow, 1994) . Tolerance to NaCl was tested in TSB containing 0-7 % (w/v) NaCl with increments of 0.5 %. Growth on TSA was tested at various temperatures (4, 5, 10, 20, 25, 28, 30, 37, 40, 41, 45 u C and 50 u C). Catalase and oxidase production was tested as described by McCarthy & Cross (1984) . Anaerobic cultivation was performed on TSA using the Oxoid AnaeroGen system. Strain CY01 T was examined for a broad range of phenotypic properties. Additional biochemical tests were performed to assess the carbon source utilization pattern by the Biolog GN2 and API ZYM, API 20E and API 20NE (bioMérieux) microtest systems according to the methods outlined by the manufacturers.
Cells of CY01 T were facultatively anaerobic, Gram-negative, non-sporulating, motile and short rods (0.3-0.461.2-1.5 mm) with peritrichous flagella (Fig. S1 , available in IJSEM Online). Colonies on TSA were circular, semitransparent, pale yellow and convex. The colony diameter was approximately 2.0 mm. Strain CY01 T grows at 10-45 u C, 0-3 % NaCl and pH 5.5-8.5. The optimum growth was observed at 30-32 u C, 0-1 % NaCl and pH 6.5-7.0. Differential phenotypic characteristics of strain CY01 T and other species of the genus Comamonas are summarized in Table 1 .
Bacterial DNA was purified using lysis solution containing 100 mg proteinase K ml 21 and 1 % SDS. phenol/chloroform extractions and 2-propanol precipitation were performed according to standard procedures (Sambrook & Russell, 2001) . The nearly complete 16S rRNA gene sequence was obtained by PCR amplification using a set of universal primers, 59-AGAGTTTGATCCTGGCTCAG-39 (Escherichia coli bases 8-27) and 59-TACCTTGTTACGACTT-39 (E. coli bases 1507-1492), originally presented by Lane (1991) . The PCR operating conditions were similar to those described by Suzuki & Yamasato (1994) with modified amplification conditions for the PCR: an initial denaturation step at 94 u C for 5 min followed by 30 cycles (94 uC for 30 s, 56 uC for 45 s, then 72 u C for 90 s) and a final extension step at 72 u C Table 1 . Differential phenotypic characteristics of strain CY01 T and closely related members of the genus Comamonas Strains: 1, CY01 T ; 2, C. thiooxydans S23 T ; 3, C. testosteroni ATCC 11996 T ; 4, C. koreensis KCTC 12005 T ; 5, C. odontotermitis LMG 23579 T . Data for source and DNA G+C content for reference strains were obtained from Chou et al. (2007) and Narayan et al. (2010) ; the remaining data were obtained in this study. +, Positive; 2, negative. , 2012) . Phylogenetic analysis was performed by using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the sequence data with CLUSTAL_X (Thompson et al., 1997) . Distances were calculated by using distance options according to Kimura's two-parameter model (Kimura, 1980) and clustering was performed with the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood methods (Felsenstein, 1981) .
Confidence values for the branches of phylogenetic trees were determined by using bootstrap analyses (based on 1000 resamplings) (Felsenstein, 1985) .
An almost-complete 16S rRNA gene sequence (1402 bp) was determined. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain CY01 T is a member of the genus Comamonas in the family Comamonadaceae of the class Betaproteobacteria. Trees depicting the phylogenetic relationships of strain CY01 T with the related strains using the neighbour-joining and maximum-likelihood methods showed that strain CY01 T forms part of a moderately significant monophyletic clade with members of the genus Comamonas ( Fig. 1 and Fig. S2 ). According to sequence similarity calculations, the micro-organism was most closely related to Comamonas thiooxydans S23 T (98.0 %), DNA-DNA hybridization is necessary to clarify the taxonomic relationship of strains when they share more than 97 % 16S rRNA gene sequence identity (Tindall et al. 2010) . DNA-DNA hybridization was carried out between strain CY01 T and the four type strains of the closely related species of the genus Comamonas that showed more than 97 % 16S rRNA gene sequence similarity. Total genomic DNA of the five strains was extracted and purified, and the hybridization was conducted following the protocols described by Ezaki et al. (1989) . Hybridizations were repeated three times and the means of the resulting values were determined, and the reciprocal experiments were performed. The separate species status of strain CY01 T was demonstrated by the hybridization values obtained when it was hybridized with C. thiooxydans S23 T , C. testosteroni JCM 5832 T , C. koreensis KCTC 12005 T and C. odontotermitis LMG 23579 T , which respectively showed 22.5±2.5 %, 21.5±1.6, 18.2±3.4 and 12.5±1.8 DNA-DNA relatedness.
All the hybridization values were below 70 %, as is recommended for the delineation of species (Wayne et al., 1987) .
For G+C content calculations, the DNA sample of strain CY01 T was determined by thermal denaturation (Mandel & Marmur, 1968 (Chou et al., 2007) . For menaquinones and polar lipids determination, the cells were grown in TSB and harvested, when growing exponentially, by centrifugation, washed with distilled water and freeze-dried. Menaquinones were extracted according to the protocol of Collins et al. (1977) and separated by HPLC (Tamaoka et al. 1983) . Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1979) . The fatty acid profiles of strains were determined according to the method of the manufacturer's instructions (Sherlock Microbial Identification System; MIDI Corporation) (Sasser, 1997) . All the strains were streaked on TSA plates and cultured for 24-36 h. The cells were harvested from the third quadrant of the quadrantstreaked plate. The fatty acid methyl esters were obtained from cells by saponification, methylation and extraction and separated by GC (Agilent 6890N). Peaks were automatically integrated and fatty acid names and percentages were determined using the MIDI Sherlock MIS system (Library: TSBA6; Version, 6.0B) (Sasser, 1990) . The fatty acid pattern of strain CY01 T and other species of the genus Comamonas are listed in Table 2 . The fatty acid profiles of strain CY01 T were similar to those of the other members of the genus Comamonas. The major respiratory quinone is ubiquinone-8. The major polar lipids are phosphatidylglycerol, phosphatidylethanolamine, unknown phospholipids and an unknown aminolipid (Fig. S3 ).
The detailed phenotypic properties of strain CY01 T are given in the species description below. It is clear that there are several phenotypic characters that can readily distinguish strain CY01 T from other species of the genus Comamonas. Based on the 16S rRNA gene sequence data, DNA-DNA hybridization and chemotaxonomic analyses, it is evident that strain CY01 T should be classified as the type strain of a novel species in the genus Comamonas, for which the name Comamonas guangdongensis sp. nov. is proposed. Tamaoka et al. 1987 The formal description given by Tamaoka et al. (1987) remains correct except that some species are facultatively anaerobic. DL-alanine, bromosuccinic acid, succinamic acid, L-threonine, L-leucine, L-phenylalanine, L-proline, L-pyroglutamic acid, a-aminobutyric acid, urocanic acid and D-glucose 6-phosphate. The main fatty acids (.5 %) are summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), C 16 : 0 and summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c). The major respiratory quinone is ubiquinone-8. The major polar lipids are phosphatidylglycerol, phosphatidylethanolamine, unknown phospholipids and an unknown aminolipid.
Emended description of the genus Comamonas

Description of
The type strain, CY01 T (5CCTCC AB 2011133 T 5KACC 16241 T ), was isolated from the subterranean forest sediment in Sihui City, Guangdong Province, China. The DNA G+C content is 64.8 mol%.
